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I n  g e n e r a l ,  m i s s i o n s  f lown from ETR are  c o n s t r a i n e d  
from p o l a r  and n e a r - p o l a r  ear th  o r b i t s .  The Western T e s t  
Range l a u n c h  f a c i l i t y  a t  P o i n t  A r g u e l l o ,  C a l i f o r n i a  p r o v i d e s  
an  a b i l i t y  t o  l a u n c h  i n t o  h i g h l y  i n c l i n e d  o r b i t s  b u t  i s  
c u r r e n t l y  c o n s t r a i n e d  from h a n d l i n g  v e r y  l a rge  b o o s t e r s  by 
i t s  l a c k  o f  waterway d o c k i n g  f a c i l i t i e s .  T h i s  memorandum 
r e v i e w s  t h i s  l o g i s t i c s  problem and t h e  a l t e r n a t i v e  s o l u t i o n s  
f o r  v e h i c l e s  i n  t h e  p roposed  100,000-pound pay load  ( t o  low 
e a r t h  o r b i t )  c a t e g o r y  and upward. 

I n  most of t h e  c a s e s ,  w i t h  t h e  n o t a b l e  e x c e p t i o n  
of t h e  156- inch  c l u s t e r  v e h i c l e ,  dock ing  f a c i l i t i e s  a re  
c l e a r l y  r e q u i r e d .  The c o s t  of such  f a c i l i t i e s ,  however,  i s  
w e l l  down i n  t h e  n o i s e  of u n c e r t a i n t y  w i t h  r e s p e c t  t o  t h e  
o v e r a l l  c o s t  of t h e  n e c e s s a r y  new l a u n c h  f a c i l i t i e s  f o r  t hese  
v e h i c l e s .  I n  t h e  s p e c i f i c  c a s e  of  t h e  260-inch SRM b o o s t e d  
v e h i c l e ,  a d o c k s i d e  r e c e i v i n g / l a u n c h i n g  f a c i l i t y  cou ld  con- 
c e i v a b l y  r e s u l t  i n  a lower o v e r a l l  l a u n c h  f a c i l i t y  c o s t  t h a n  
an  e q u i v a l e n t  i n l a n d  f a c i l i t y  where r a i l  d e l i v e r y  o f  b o o s t e r  
components might  b e  f e a s i b l e .  
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I n t r o d u c t i o n  

Dur ing  d i s c u s s i o n s  w i t h  t h e  a u t h o r ,  members o f  OART 
have  i n d i c a t e d  a conce rn  w i t h  t h e  l o g i s t i c s  problems which may 
b e  a s s o c i a t e d  w i t h  l a u n c h i n g  v e r y  large r o c k e t s  from P o i n t  
A r g u e l l o  o v e r  t h e  A i r  F o r c e ' s  Western  T e s t  Range. I n  p a r t i c u l a r ,  
t h e  conce rn  i s  t h a t  l a r g e  and heavy s o l i d  r o c k e t  stages re- 
q u i r i n g  t r a n s p o r t  by waterway canno t  be  l a n d e d  a t  t h e  l a u n c h  
area w i t h o u t  mass ive  e x p e n d i t u r e s  on dock ing  f a c i l i t i e s .  

The q u e s t i o n  of WTR l o g i s t i c s  i s  o f  somewhat 
b r o a d e r  conce rn  t h a n  might  b e  i m p l i e d  from i ts  o r i g i n  w i t h  
t h e  OART s o l i d  r o c k e t  p r o p u l s i o n  g roup .  Under c u r r e n t  l a u n c h  
r u l e s ,  ETR l a u n c h e s  a re  c o n s t r a i n e d  t o  a s e c t o r  7 2 O - 1 0 8 O  
o b v i a t i n g  p o l a r  and n e a r - p o l a r  o r b i t s  f o r  DOD and NASA m i s s i o n s  
f lown from t h a t  l aunch  area w i t h o u t  t h e  s e v e r e  p e n a l t y  o f  
a d o g l e g  maneuver d u r i n g  t h e  b o o s t  p h a s e .  P l a n e  changes  
a f t e r  t h e  b o o s t  p h a s e  a r e  even more p e n a l i z i n g  i n  t h e  u s e f u l  
p a y l o a d  t h a t  can f i n a l l y  be p l a c e d  i n  h i g h l y  i n c l i n e d  o r b i t s .  

T h i s  memorandum i s  i n t e n d e d  t o  p r o v i d e  a b r i e f  re- 
sume of t h e  l o g i s t i c s  problems f a c i n g  o p e r a t i o n s  w i t h  l a rge  
v e h i c l e s  a t  WTR and t h e  impact o f  t hese  problems on concep t  
s e l e c t i o n  r e l a t i v e  t o  o t h e r  c o n s i d e r a t i o n s  such  as l aunch  
t e c h n i q u e  and t o t a l  f a c i l i t y  c o s t .  

P o i n t  A r g u e l l o  

l o c a t e d  a d j a c e n t  t o  Vandenberg A i r  F o r c e  base on a r e l a t i v e l y  
d e s o l a t e  p o i n t  o f  t h e  C a l i f o r n i a  Coast  abou t  one hundred  and 
t h i r t y  miles  n o r t h w e s t  of Los Angeles .  Vandenberg AFB i s  
s i t u a t e d  on a b road  p a r t  of t h e  narrow c o a s t a l  p l a n e  on t h e  
n o r t h  s i d e  o f  t h e  F a c i l i t y  b u t  t h e  f l a t  area between l o c a l  
mounta ins  and t h e  s h o r e l i n e  c l i f f s  a v e r a g e s  l e s s  t h a n  a 
q u a r t e r  m i l e  w ide  i n  much O f  t h e  missi le  t e s t  area.  

The U .  S .  Naval Missile F a c i l i t y  a t  P o i n t  A r g u e l l o ,  i s  

The l aunch  complexes (Thor ,  At las ,  T i t a n  I ,  
T i t a n  11, and T i t a n  111) a r e  l o c a t e d  w i t h i n  a few hundred  
f e e t  of t h e  ocean as a t  Cape Kennedy. 
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The P a c i f i c  s h o r e l i n e  i n  t h i s  r e g i o n  i s  c h a r a c t e r -  
i z e d  by s t e e p  c l i f f s  d ropp ing  a b r u p t l y  f rom p e r h a p s  50 t o  
75  f ee t  t o  a ve ry  nar row r u b b l e  s t r e w n  beach .  The rocky  
sea bot tom d r o p s  from less t h a n  f i f t e e n  f e e t  t o  deep  water 
w i t h i n  t h r e e  or f o u r  hundred y a r d s .  Seawa te r  and a i r  
t e m p e r a t u r e s  are d e c i d e d l y  c h i l l y  (50-65OF) b u t  r e l a t i v e l y  
c o n s t a n t  y e a r  a round a l t h o u g h  o v e r n i g h t  t e m p e r a t u r e s  i n l a n d  
may o c c a s i o n a l l y  go below f r e e z i n g .  T i d a l  r a n g e  i s  a b o u t  
f o u r  f e e t .  T y p i c a l  sea  waves are p robab ly  l e s s  t h a n  t h ree  
f e e t  h i g h .  Storms a t  sea o c c a s i o n a l l y  r a i se  t h i s  l e v e l  
a p p r e c i a b l y .  T r o p i c a l  d i s t u r b a n c e s  a re  ra re  i n  t h e  r e g i o n  
and  r a i n f a l l  i s  low, w e l l  unde r  one i n c h  d u r i n g  most months.  
The area i s  known for hazy c o n d i t i o n s  w i t h  c l e a r i n g  d u r i n g  
t h e  middle  o f  t h e  d a y .  C o r r o s i o n  and s imilar  problems from 
s a l t  s p r a y ,  however,  a p p e a r  t o  be  much less t h a n  i s  t y p i c a l  
i n  t h e  Cape Kennedy a r e a .  

Lands ide  a c c e s s  t o  t h e  l aunch  area by s t a n d a r d  
highway seems t o  b e  adequa te  and t h e  main l i n e  o f  t h e  S o u t h e r n  
P a c i f i c  R a i l w a y  between Los Angeles  and San F r a n c i s c o  r u n s  
d i r e c t l y  t h r o u g h  t h e  launch  area.  Vandenberg AFB has run -  
ways c a p a b l e  o f  s u p p o r t i n g  o p e r a t i o n s  of any A i r  F o r c e  or 
Aero Space  L i n e s  a i r  c a r g o  d e l i v e r y  s y s t e m s .  E x i s t i n g  dock 
f a c i l i t i e s  i n  t h e  r e g i o n  are c a p a b l e  of  h a n d l i n g  o n l y  small 
Coast  Guard t y p e  u t i l i t y  b o a t s .  

V e h i c l e  L o g i s t i c s  

U n t i l  now v e h i c l e s  l aunched  a t  P o i n t  A r g u e l l o  have  
n o t  p r e s e n t e d  any s i g n i f i c a n t  l o g i s t i c s  p rob lems .  Agena, Cen- 
t a u r ,  Atlas,  T i t a n  11, and T i t a n  I11 stages are a l l  d e l i v e r a b l e  
by  a i r .  The 120- inch  d i a m e t e r ,  t e n  f o o t - l o n g  segments  o f  
T i t a n  I11 s t r a p - o n  r o c k e t s  a re  d e l i v e r a b l e  by t r u c k  or by 
r a i l w a y  w i t h o u t  n o t a b l e  d i f f i c u l t y .  

156" SRM ( S o l i d  Rocket Motor) C l u s t e r  Launch V e h i c l e  

T h i s  v e h i c l e  has been  s t u d i e d  for b o t h  AF and N A S A  
f o r  p a y l o a d s  i n  t h e  100,000-pounds- to- low-earth-orbi t  r a n g e .  
It i s  based on t h e  l a r g e s t  diameter SRM segments  t h a t  are de- 
l i v e r a b l e  by r a i l r o a d .  No ma jo r  l o g i s t i c s  problems a re  a n t i -  
c i p a t e d  for t h i s  v e h i c l e  a l t h o u g h  l o c a l  l i m i t a t i o n s  on r a i l w a y  
c a r g o  w i d t h  between t h e  p o i n t  o f  SRM segment manufac tu re  and 
t h e  l a u n c h  area may r e q u i r e  c a r e f u l  r o u t e  s e l e c t i o n  and some 
expense  f o r  o b s t a c l e  removal .  

260"  SRM 

With a S-IVB s t a g e ,  t h i s  1 8 0 0  t o n  m o n o l i t h i -  
c a l l y  c a s t  s o l i d  r o c k e t  motor would have  a p a y l o a d  t o  low ear th  
o r b i t  of abou t  1 0 0 , 0 0 0  pounds.  P r o d u c t i o n  c a s t i n g  f a c i l i t i e s  
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f o r  t h e  SRM would most l i k e l y  b e  l o c a t e d  on t h e  East  C o a s t .  
The we igh t  o f  t h e  motor  as c a s t  makes l o n g  d i s t a n c e  t r a n s p o r t  
o t h e r  t h a n  by b a r g e  i n f e a s i b l e .  A t  P o i n t  A r g u e l l o ,  new dock 
f a c i l i t i e s  and a b r e a k w a t e r  p r o t e c t e d  s t i l l i n g  b a s i n  would 
b e  r e q u i r e d  t o  h a n d l e  t h e  t y p e  of b a r g e  r e q u i r e d .  ( A  
f l o a t i n g  d r y  dock v e s s e l  has  been  recommended by Douglas  f o r  
deep water t r a n s p o r t  o f  t h e  260" SRM.) 

A p o s s i b l e  a l t e r n a t i v e ,  a i r  t r a n s p o r t ,  has been  
c o n s i d e r e d  unde r  t h e  assumpt ion  t h a t  a c a s t i n g  p l a n t  c o u l d  
b e  b u i l t  a t  o r  n e a r  t h e  l aunch  s i t e .  However, a l t h o u g h  t h e  
260" SRM motor c a s e  i s  t h e  same d i a m e t e r  as t h e  S-IVB, i t  
weighs 200,000-227,000 pounds depending  on whether t h e  i n -  
s u l a t i o n  and l i n e r  have  been i n s t a l l e d .  The Aero Space  
L i n e ' s  P regnan t  Guppy has a pay load  c a p a c i t y  o f  o n l y  33,000 l b .  
The Lockheed C - 5 A  w i l l  have a d e q u a t e  p a y l o a d  c a p a c i t y ,  220,000 
pounds ,  or i n  i t s  commercial  v e r s i o n ,  t h e  500-114M, 2 8 1 , 1 0 0  
pounds.  It i s  a l s o  l o n g  enough ( 1 2 0  f t .  between ramp h inges- -  
t h e  260" motor c a s e  would b e  abou t  1 1 4  f e e t  l o n g )  b u t  i t s  
c a r g o  s p a c e  i s  on ly  1 9  f e e t  wide by 1 3 . 5  f e e t  h i g h .  

It  a p p e a r s  t h a t  only  by making a j o i n t e d  c a s e  o f ,  
s a y  e i g h t  s e c t i o n s  , t r a n s p o r t a b l e  by P regnan t  Guppy, and 
u s i n g  a c a s t - o n - s i t e  s t r a t e g y  c o u l d  waterway t r a n s p o r t  o f  
t h e  260'' SRM t o  WTR b e  avoided .  The c o s t  o f  a m i x i n g / c a s t i n g  
f a c i l i t y  f o r  t h e  m o n o l i t h i c  r o c k e t  has been  r o u g h l y  estimated 
i n  t h e  ne ighborhood of  f i f t e e n  m i l l i o n  d o l l a r s .  But t h e  
p o t e n t i a l  f o r  s a v i n g s  i n  h a n d l i n g  and l a u n c h  f a c i l i t y  c o s t s  
o b t a i n a b l e  by c a s t i n g  t h e  motor r i g h t  a t  i t s  l aunch  s i te - -  
p o s s i b l y  i n  a m i l i t a r y  s t y l e  s i l o* - -have  n o t  been  f a c t o r e d  
i n t o  t h i s  e s t i m a t e .  

Hypergol  Fue led  V e h i c l e s  

The two,  t h r e e ,  and f o u r  s t a g e  v e r s i o n s  of 1 0 0 , 0 0 0  
pound pay load  h y p e r g o l  f u e l e d  l aunch  v e h i c l e s ,  o u t l i n e d  i n  
c u r r e n t  s t u d i e s  by TRW f o r  NASA, a l l  have  s t a g e s  of  much 
l a r g e r  d i a m e t e r  t h a n  i s  p r e s e n t l y  t r a n s p o r t a b l e  by a i r ,  r a i l  
or t r u c k .  Water d e l i v e r y  seems t o  b e  mandatory .  

S a t u r n  I B  and S a t u r n  V 

The S a t u r n  I B  f i r s t  s t a g e  i s  no rma l ly  assembled 
by C h r y s l e r  a t  Michoud, t e s t e d  a t  MTF, and d e l i v e r e d  by water 
t o  Cape Kennedy. To d u p l i c a t e  t h e  assembly and t e s t  
f a c i l i t i e s  a t  WTR would b e  e x c e s s i v e  f o r  t h e  f e w  m i s s i o n s  t h a t  

*A S e l f - E j e c t  S i l o  Launch concep t  was t h o u g h t  h i g h l y  o f ,  
even  f o r  NASA programs,  i n  t h e  most r e c e n t  s t u d y  o f  l aunch  
c o n c e p t s  f o r  b i g  s o l i d s  by t he  McDonnell Douglas C o r p o r a t i o n .  
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now seem l i k e l y  t o  r e q u i r e  t h a t  s i t e s '  l a u n c h  az imuth  f l e x i -  
b i l i t y .  The S-IB i s  b o t h  t o o  heavy and t o o  l o n g  f o r  t h e  
P regnan t  Guppy. It would have t o  b e  d e l i v e r e d  by water .  

The S a t u r n  V l aunch  v e h i c l e  has two s t a g e s ,  t h e  
S-IC and S-11, t h a t  a re  t o o  heavy and t o o  l a r g e  ( 3 3  f t .  
d iameter)  f o r  a i r  t r a n s p o r t .  Waterway d e l i v e r y  i s  t h e  o n l y  
a l t e r n a t i v e .  

Docking F a c i l i t i e s  f o r  WTR 

The o u t s i d e  d imens ions  of  v e s s e l s  l i k e l y  t o  b e  
u sed  for open s e a  t r a n s p o r t a t i o n  of  l a r g e  s t a g e s  t o  WTR a re  
t y p i f i e d  by  t h o s e  of t h e  mothba l l ed  U .  S .  Navy A R D  recommended 
by Douglas for t h e  260"  SRM*. T h i s  v e s s e l  i s  an unpowered 
b a r g e  488 fee t  l o n g  and 8 1  f e e t  wide h a v i n g  a loaded  draf t  
of 8 .4  f e e t .  Docking f a c i l i t i e s  f o r  such  a v e s s e l  would have  
t o  a s s u r e  a c h a n n e l  and t u r n i n g  b a s i n  d e p t h  i n  wave p r o t e c t e d  
water of  abou t  t e n  f e e t .  A t  WTR t h i s  c o u l d  l i k e l y  b e  p ro -  
v i d e d  by a modera te  amount o f  c h a n n e l  b l a s t i n g  and a r u b b l e  
j e t t y  p e r h a p s  two thousand f e e t  l o n g .  The dock d e s i g n  would 
depend upon t h e  method chosen f o r  u n l o a d i n g  t h e  barge and 
t r a n s p o r t i n g  t h e  v e h i c l e  t o  t h e  t o p  of  t h e  c l i f f s .  For 
l i g h t  we igh t  b o o s t e r  s t a g e s ,  a ramp and r u b b e r  t i r e d  t r a n s -  
p o r t e r  sys t em p r o v i d i n g  a h i g h  d e g r e e  of  f l e x i b i l i t y  
t o g e t h e r  w i t h  low c o s t  would be t h e  most l i k e l y  c h o i c e .  For 
t h e  260"  SRM, advan tage  s h o u l d  be t a k e n  o f  any method which 
would a v o i d  t h e  need f o r  a t r a n s p o r t e r  and minimize t h e  c o s t  
o f  l i f t i n g  equipment .  A s y s t e m  s i m i l a r  t o  t h e  Dock Launch 
Concept** would u s e  t h e  dock i t s e l f  as t h e  l aunch  s i t e .  I n  
t h i s  c a s e ,  t h e  dock would be e n c l o s e d  and c a p a b l e  of  v a r y i n g  
t h e  water l e v e l  w i t h i n  it by abou t  f o r t y - f o u r  f e e t .  With a 
f l o a t a b l e  flame d e f l e c t o r ,  t h e  dock would u l t i m a t e l y  s e r v e  
as a flame d u c t  d u r i n g  t h e  l aunch  i t s e l f .  

The S e l f - E j e c t  S i l o  Launch concept  c o u l d  a l s o  be 
b u i l t  i n  c o n j u n c t i o n  w i t h  t h e  r e c e i v i n g  dock. Here, however,  
a s e p a r a t e  l i f t i n g  g a n t r y  c r a n e  would p r o b a b l y  b e  used  t o  
u n l o a d  t h e  d e l i v e r y  b a r g e ,  ra i se  and t r a n s p o r t  t h e  SRM t h r o u g h  
v e r y  s h o r t  d i s t a n c e s  and lower i t  i n t o  t h e  l a u n c h i n g  s i l o .  
A l t e r n a t i v e l y ,  a p r e f a b r i c a t e d  s i l o  c o u l d  b e  assembled a b o u t  
t h e  s t a g e  a f t e r  i t  i s  r o t a t e d  t o  t h e  v e r t i c a l * * * .  

*DAC 58078 December 28,  1 9 6 7  "Launch F a c i l i t i e s  and  Opera- 
t i o n s  f o r  Large  S o l i d  Motors Study , "  C o n t r a c t  N A S  10-4802 

* * B e l l c o r n  T e c h n i c a l  Repor t s  TR 66-330-2 and TR 66-330-3. 
The Bellcomm c o n c e p t ,  however,  assumed a small  b a r g e  f o r  o p e r a t i n g  
on t h e  i n t r a c o a s t a l  waterway. The concept  would have t o  b e  mod- 
i f i e d  i f  a l a r g e r ,  sea-going  b a r g e  became n e c e s s a r y .  

* * * A  method a l s o  d e s c r i b e d  i n  t h e  DAC S tudy  (See Volume 111) 
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I n  a l l  o f  these c o n c e p t s ,  t h e  c l i f f s  f r o n t i n g  P o i n t  
A r g u e l l o  would p r o v i d e  an e x c e l l e n t  bases of f o u n d a t i o n s  f o r  
t h e  u n l o a d i n g  dock and f o r  t h e  S e r v i c e  S t r u c t u r e  and g a n t r y  
r a i l  beams and l aunch  s t a n d .  

C o s t i n g  and t h e  Larger P i c t u r e  

Any o f  t h e  l a r g e  v e h i c l e s  t h a t  are b e i n g  d i s c u s s e d  
h e r e  w i l l  r e q u i r e  t h e  c o n s t r u c t i o n  o f  e n t i r e l y  new l aunch  
f a c i l i t i e s .  The p r o b a b l e  c o s t  o f  minimal  WTR f a c i l i t i e s ,  
c a p a b l e  of one or two p o l a r  o r b i t  l a u n c h e s  p e r  y e a r  w i t h o u t  
ma jo r  e lement  redundancy ,  i n  t h e  1 0 0 , 0 0 0  pound pay load  c l a s s  
would be  i n  t h e  r a n g e :  $ 6 0 ~  t o  $100M. Minimal S a t u r n  V 
f a c i l i t i e s  would c o s t  between $150M and $25OM. 

The c h a n n e l ,  b r e a k w a t e r ,  dock ,  and u n l o a d i n g  f a c i l i t i e s  
f o r  S a t u r n  V and o t h e r  l i g h t  we igh t  s t a g e s  would p robab ly  g e n e r a t e  
c o s t s  i n  t h e  two- th ree  m i l l i o n  d o l l a r  r a n g e .  

The c o s t  of t h e  same f a c i l i t i e s  f o r  a heavy s t a g e  
l i k e  t h e  260"  SRM w i t h  t r a n s p o r t i n g  equipment  for o v e r l a n d  
t r a v e l  t o  a l a u n c h  s t a n d  s e v e r a l  hundred  f e e t  i n l a n d  and 
l i f t i n g  f a c i l i t i e s  a t  t h e  launch s t a n d  would b e  i n c r e a s e d  by  
f i v e  t o  t e n  m i l l i o n  d o l l a r s .  

A d o c k s i t e  f a c i l i t y  f o r  t h e  260"  SRM, whether  i t  
u s e d  a g a n t r y  c r a n e  or a h y d r a u l i c  l i f t i n g  s y s t e m  and 
whether  it u s e d  a s i l o  o r  a flame t r e n c h ,  would have  t h e  
advan tage  o f  r e q u i r i n g  a much smaller S e r v i c e  S t r u c t u r e  and 
u m b i l i c a l  t o w e r  t h a n  a 156 i n c h  c l u s t e r  v e h i c l e  l aunched  
f rom an i n l a n d  s i t e .  T h i s  f a c t o r  a l o n e  would p r o b a b l y  
b a l a n c e  any a d d i t i o n a l  c o s t s  t h a t  might  b e  i n c u r r e d  i n  com- 
b i n i n g  t h e  dock ,  l i f t i n g  sys tem,  and l aunch  s t a n d  f o r  t h e  
260".  Note a l s o  t h a t  t h e  156 i n c h  c l u s t e r  l e n d s  i t s e l f  
much less  t o  t h e  s e l f - e j e c t  l a u n c h  technique- -and  under-  
ground s i l o - - t h a n  does  t h e  2 6 0 ~ ~ .  

F i n a l l y ,  even  i f  t h e  1 5 6  i n c h  c l u s t e r  v e h i c l e  were 
l aunched  from a c l i f f - s i d e  f a c i l i t y ,  t h e  d i f f e r e n c e  i n  c o s t  
between i t  and t h e  260 i n c h  SRM l aunch  f a c i l i t y  from d i f f e r e n c e s  
i n  t h e  s t a g e  delivery/receiving/installation sys t ems  would 
p r o b a b l y  b e  i n  t h e  c o s t  o f  t h e  j e t t y  and b a s i n  and b a r g e  
t i e u p  f a c i l i t i e s .  
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